A total of 530 strains of rumen bacteria were screened for the presence of plasmid DNA. The percentage of plasmid-bearing strains was found to be the highest among the Bacteroides/ Prevotella group (9.9%), while it was less than 1% in the Butyrivibrio (0.2%) and Clostridium (0.6%) genera. A small cryptic plasmid pRAM4 from Prevotella ruminicola T31 was subcloned in Escherichia coli and completely sequenced. Two open reading frames, encoding potential polypeptides of M r 32,322 (ORF1) and 32,122 (ORF2) with limited sequence similarity to replication initiation and mobilization proteins, respectively, could be identified within the sequence. The region upstream from ORF1 had an AT-rich (75%) region followed by four 22-bp direct repeats, a structure characteristic of replication origins. The plasmid hybridized at high stringency with plasmids from Bacteroides/Prevotella and Butyrivibrio, and with pBR322, suggesting that at least regions of the plasmid are widespread. ᭧
The rumen is a strictly anaerobic ecosystem richia coli and Bacillus subtilis systems, there is continuing interest in the screening and inhabited mainly by bacteria, archaea, and protozoa, with smaller numbers of fungi. characterization of plasmids from rumen bacteria, with the further aim of constructing new Since the bacterial part of the system is predominantly responsible for the digestion of versatile vectors. plant polysaccharides, there is substantial interest in the development of genetic manipula-MATERIALS AND METHODS tion methods for rumen bacteria. Conjugal
Bacterial strains and plasmids. The E. coli transfer of the transposon Tn916 and plasmid strains used were XL-1 Blue (Stratagene) and pAMb1 as well as of a number of natural and JM109 (Yanish-Perron et al., 1985) . The E. recombinant constructions has been demoncoli plasmid was pBluescript II (KS 0 ) (Strastrated for ruminal bacteria under laboratory tagene), and staphylococcal plasmids were conditions (Hespell and Whitehead, 1991a,b; pUB110 (Jalanko et al., 1981) and pC194 Thomson et al., 1992; Flint et al., 1988; (Horinouchi and Weisblum, 1982) . Strains of Aminov et al., 1994) . Electrotransformation rumen bacteria, which have been isolated and procedures also have been applied successcharacterized previously (Minato et al., 1989 , fully to a number of rumen bacteria (Locking-1992; Arakaki et al., 1994) , and which were ton et al., 1988; Thomson and Flint, 1989;  used in this work, are listed in Table 1 . Thomson et al., 1992; Whitehead, 1992; CocMedia and growth conditions. Prevotella concelli et al., 1992) . However, since the effiruminicola T31 and other anaerobic rumen ciency and reliability of these systems remain bacteria were routinely maintained in RGSA far behind those of the well-developed Eschemedium (Atlas, 1993) with 30% clarified rumen fluid, under anaerobic conditions. E. coli Plasmids of different molecular sizes rangsystem) on a Perkin-Elmer PCR apparatus. ing from 3 to 40 kb were found in 20 rumen Sequencing reactions were analyzed on an au-bacteria belonging to the genera Clostridium, tomatic sequencer (373A DNA sequencer; Bacteroides, Prevotella, and Butyrivibrio (TaApplied Biosystems). Sequencing primers ble 1). The percentage of plasmid bearing were synthesized on an Applied Biosystems strains may be underestimated because the 394 DNA/RNA synthesizer. The sequence of plasmid isolation protocol was not optimized pRAM4 was determined completely on both for each isolate. strands.
Computer-assisted analyses were per-Cloning and Sequence Analysis of pRAM4 formed using Blast v.1.4 (Altschul et al., from P. ruminicola 1990) and MPsrch (Sturrock and Collins, 1993) software and using on-line GenBank, A 3.1-kb cryptic plasmid pRAM4, isolated from P. ruminicola strain T31, was cloned in EMBL, and SwissProt databases. Sequence alignments and manipulations were performed E. coli using vector pBluescript II (KS) and mapped ( Fig. 1) . This plasmid was chosen beusing GENETYX, DNAsis, GeneWorks, MacTagSearch, and OLIGO software.
cause of the consistently high plasmid yield lication proteins from pSC101 from E. coli (Armstrong et al., 1984) , pPS10 from Pseudomonas syringae (Nieto et al., 1992) , pRO1600 from Pseudomonas aeruginosa (Jansons et al., 1994) , pSL2 from Lactococcus lactis (Jahns et al., 1991) , pChyo from Campylobacter hyointestinalis (Waterman et al., 1993) , and with the mobilization protein B of the E. coli bacteriocinogenic plasmid CloDF13 (Nijkamp et al., 1986) . The translated product of ORF2 had limited amino acid sequence similarity with the mobilization protein of a Bacteroides insertion element NBU1 FIG. 1. Physical and functional map of pRAM4 derived (Li et al., 1993) . ized labeled pRAM4 DNA with the plasmids extracted from Bacteroides, Prevotella, Butyrobtained from the original host. The complete ivibrio, and Clostridium spp. As controls, we nucleotide sequence of the 3130-bp plasmid tested the staphylococcal plasmids, pUB110 was determined and it is shown in Fig. 2 . It and pC194, which represent two classes of has an overall GC content of 49.17%. The molecules replicating by a rolling-circle sequence reveals two open reading frames mechanism (Gruss and Ehrlich, 1989) and a (ORFs), 2 encoding potential polypeptides with theta-replicating ColE1 derivative, pBR322. molecular sizes of 32,322 (ORF1) and 32,122 The results (Fig. 3) clearly demonstrated that (ORF2). Analysis of the region upstream of under the high-stringency Southern hybridiza-ORF1 revealed an AT-rich (75%) region fol-tion conditions hybridization was detected lowed by a putative site for binding of the with plasmids from Bacteroides, Prevotella, integration host factor (IHF) and four 22-bp and Butyrivibrio species and with pBR322. direct repeats (iterons) (Fig. 2) . Taken to-No signals were detected with the clostridial gether, these features are characteristic of rep-or staphylococcal plasmids (data not shown). lication origins (Kornberg and Baker, 1992) , although this region does not show sequence DISCUSSION similarity with known origin regions. Several Plasmids are relatively abundant in rumen putative promoter sequences upstream of bacteria. It has been shown that from 41 to ORF1 and ORF2 were found to be within po-100% of Selenomonas isolates contained one tential hairpin-loop structures.
or more plasmid bands and that up to 28% of the Butyrivibrio fibrisolvens isolates carried Comparative Analysis of ORF1 and ORF2 plasmids (Hazlewood and Teather, 1988) . The putative protein product of ORF1 had Small cryptic plasmids have been found in 6 local amino acid sequence similarity with rep-of 7 strains of R. albus and in all 3 strains of R.
flavefaciens examined (Kelly and Asmundson, 1986; Asmundson and Kelly, 1987) . At the mid isolation techniques, White and Cham-replication proteins from several bacterial plasmids and between ORF2 and the mobilipion (1986) were unable to demonstrate the presence of plasmid DNA in 25 Ruminococ-zation protein of a nonreplicative Bacteroides insertion element NBU1 (Li et al., 1993) . cus strains, including at least 3 strains reported by Kelly and Asmundson (1986) to contain Therefore, it is postulated that ORF1 is a plasmid replication protein and that the ORF2 loplasmids. We could not find any plasmids in our 31 strains of selenomonads and 11 strains cus may be involved in mobilization. Functional studies are required to confirm this hyof ruminococci, and only 3 plasmid-bearing strains were observed among 154 strains of pothesis.
The pRAM4 probe hybridized with plasButyrivibrio. Only in the Bacteroides/Prevotella group were there up to 10% of isolates mids from Bacteroides, Prevotella, and Butyrivibrio species. Since a large probe was used which contained plasmids.
The plasmid pRAM4 from P. ruminicola for hybridization, it is not possible to say which particular regions are related in these had no sequence similarity with plasmids preplasmids. Based on our finding of similarity viously characterized in rumen bacteria beto replication proteins and on the hybridizalonging to Selenomonas and Butyrivibrio spp.
tion of the probe to pBR322 (Fig. 3) , we spec- (Attwood and Brooker, 1992; Hefford et al., ulate that this similarity may be to regions 1993; Zhang and Brooker, 1993) . The putative from the origins of replication and/or encodorigin of replication also does not display any ing replication proteins. significant identity with DNA sequences listed in the databases. However, replication origins REFERENCES do not necessarily have similarity at the DNA ALTSCHUL, S. F., GISH, W., MILLER, W., MYERS, E. W., sequence level. Some similarity was demon-AND LIPMAN, D. J. (1990) . A basic local alignment search tool. J. Mol. Biol. 215, [403] [404] [405] [406] [407] [408] [409] [410] strated between ORF1 and plasmid-encoded (Goodrich et al., 1990) , is marked by dashed line. The GenBank Accession No. of the sequence is U30294.
